ABSTRACT
INTRODUCTIONS
Geogrids is one of geotechnical synthetic materials. Its two-dimensional grids or three-dimensional stereo grids with a certain thickness can interlock the surrounding soil to improve the mechanic properties of soil. So the reinforcement structures formed by geogrids, such as reinforced earth retaining wall, reinforced soil slope, reinforced soil foundations are wildly used in all sorts of engineering [1~3] . At present, most researches on the interface features of geogrids are based on the theories of friction reinforcement and the experiments are mostly indoors test, model tests and field observations [4~9] . Among them, indoors test is mostly used, which including the tests of direct shear and pullout. In the above two tests, the sizes of experimental facilities are identified according to the opening sizes of geogrids and soil particles. And only the interface features of the single layer geogrid on the direct the location happens direst shear or pullout can be studied. But in practical engineering, the geogrids are set with a certain vertical distance, so the interface features would be influenced by the nearby geogrids. Meanwhile, the salient points with a certain thickness and strength are formed in the joint area of vertical and horizontal geogrids in case of the striping of the joints. At present, the researches on the influence of the thickness of the salient points on the interface features are relatively less. As a result, the current experiments of interface features of geogrids does not consider the influence of the vertical distance of geogrids and the thickness of salient points. New ideas and methods are urgently needed.
NUMERICAL SIMULATION OF THE INTERFACE FEATURES EXPERIMENTS OF GEOGRIDS
The researches from home and abroad shows that some numerical methods, such as FEM, can be used to study the interface features of geogrids [10~14] . So FEM program of PLAXIS 3D developed by PLAXIS B.V. Company, Holland is adopted in the paper to simulate the test of interface features. The numerical model is founded as shown in Fig.1 . The geometric sizes of the upper and lower boxes are 1000mm(length)×1000mm(width)×900mm(height); The vertical distance between geogrids are respectively 300mm and 600mm; vertical load is imposed on the top interface and the prescribed displacement of the surface on the upper box is used to simulate the direct shear test; the prescribed displacement of the surface is imposed on the front of geogrids which are located in the interface of upper and lower boxes to simulate pullout test. The basic physical indexes are: unit weight of soil γ is18kN/m In the simulation of direct shear test, the prescribed displacement of the surface on the upper box is 16.5% of the length of shear surface(1000mm), which is 165mm.And in the simulation of pullout test, the prescribed displacement of the surface on front of the geogrids is 700mm. Through numerical calculation, relationship curves between interface resultant force and the calculating loads under different vertical loads can be worked out. According to the approximate horizontal section in the rear part, the resultant shear force on the whole interface when the shear or pullout failure happens can be obtained, as shown in Fig.3 . Through the ratio of the resultant force on the interface to the section size, the shear stress τ under different vertical loading condition can be calculated. Taking the shear stress τ as vertical coordinates and the normal shear stress as horizontal coordinates, the strength indexes cinterface and φinterface can be calculated through linear fitting. So the quantitative studies on the interface features of geogrids can be conducted. 
RESEARCHES ON THE INTERFACE FEATURES BASED ON NUMERICAL METHODS

Researches On The Direct Shear Test Of Geogrids
The vertical loads of 50kPa,100kPa,150kPa and 200kP are respectively imposed on the top surface of the FEM model. The displacement of 165mm happens on the upper box and the calculated resultant shear forces on the interface when the shear failure happens under different vertical loads are shown in Tab.1. Since the practical contact area of geogrids during the shear process is reducing, the corresponding area when the maximum resultant shear force occurs should be used in each calculation. In Fig.4(a) , the peak value of the relative curve between shear resultant force and calculating loads appears after the 750 th step, where the peak value of 45.6kN is adopted as the interface resultant shear force. When the peak value of resultant shear force of the interface appears and the corresponding displacement of the upper box is 47mm, the length of the contact surface is 953mm; the width is 1000mm and the practical contact area is 0.953m 2 at this time, according to the relative curve of the increment of horizontal displacement of the upper box and calculating loads(shown in Fig.4(b) ). So the shear stress τ of the interface at this time is 45.6/0.953=47.85kPa. Through this method, the Tab.2 shows the calculation results of shear stress on the interface under different vertical loads condition when shear failure happens. is 300mm, the thickness of the salient points is 2mm, the vertical load is 50kPa). The calculation results show that the strength indexes of the interface is obviously higher than that of the soil due to the interaction of geogrids and the surrounding soil. Meanwhile, the vertical distance of geogrids has some influences on the direct shear test. The smaller the distance, the higher the strength indexes of interface. The reason is the interlocking of geogrids and the surrounding soil, which forms a certain influential range. So when the vertical distance of geogrids becomes small, the interface features of the geogrids on the shear surface would be affected. What's more, the influence of the thickness of salient points is not clear. Under the same vertical distance, the change of the strength indexes corresponding to the thickness of 2mm and 5mm is small. The main reason is that the shear surface is relatively the same in the direct shear test, so the influence of the salient points is limited, as shown in Fig.6 and Fig.7 . The contour lines of the horizontal displacement increment of surrounding soil are generally the same. 
Researches On The Pullout Test Of Geogrids
The vertical loads of 50kPa, 100kPa and 150kPa are imposed on the top of FEM model. And the prescribed displacement of 700mm of the surface is set on front of the geogrids on the interface of upper and lower boxes to simulate the pullout test of geogrids, as shown in Fig.1(b) . At this time, the surface of geogrids is 770mm long and the practical area of contact surface is 0.77m 2 .Through the linear fitting of normal stress σ and shear stress τ on the interface(as shown in Fig.8 ), the strength indexes cinterface and φinterface of geogrids interface under pullout condition can be worked out, as shown in Tab.4. The calculation results in this Tab.4 show that the strength index through the pullout test is larger than that through the direct shear test. The reason is that the pullout has larger effects on the surrounding soil, so the comparative movement is harder and the strength index is higher. In Fig.9 to Fig.11 , the smaller the vertical distance of geogrids, the larger the influenced soil range by the geogrids; under the same vertical distance, the thicker the salient points, the larger the influenced soil range. So when the vertical distance of geogrids is small and the salient points are thick , the strength indexes of interface are large. 
CONCLUSIONS
Through the analysis in the paper, the quantitative and direct researches on the interface features of geogrids can be conducted based on numerical methods. The following conclusions can be obtained:
(1) The strength indexes worked out through pullout test are larger than that through direct shear test, which is because the pullout geogrids have larger influences range on the surrounding soil and the relative deformation is harder to happen;
(2) Under different vertical distance of geogrids, the interface indexes through the test of interface features are different. So the experiment equipment should have reasonable height to consider the influence of geogrids distance, besides satisfy the requirements on the length and width.
(3) The plate elements can simulate the influence of the thickness of the salient points on the interface features of geogrids. The calculation results show that the interlocking of geogrids with the surrounding soil is enhanced when the thickness of salient points changes from 2mm to 5mm, so the reinforcement of geogrids is better and has a more obvious influence on the pullout test of geogrids.
